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ANGLE MEASURING DEVICE 

Applicant claims, under 35 U.S.C. § 1 19, the benefit of priority of the filing 
date of May 10, 2000 of a German patent application, copy attached, Serial Number 
100 22 555.1, filed on the aforementioned date, the entire contents of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an angle measuring device for measuring the 
angular position of a stationary object with respect to an object, which is rotatable 
around an axis of rotation. The invention furthermore relates to a method for 
mounting a stator of an angle measuring device, having a rotor rotating around an 
angle of rotation, on a stationary object. 
Discussion of Related Art 

Angle measuring devices of this type are used for determining the angular 
position, the angular velocity or other angle-dependent values of a rotatable object 
and for making them available for purposes of display, control of a machine tool, 
regulation or other evaluations. 

In order to compensate for alignment errors when connecting the rotor of the 
angular measuring device to the rotatable object, as well as axial and radial deviations 
of the rotatable object, a coupler is arranged between the stator of the angular 
measuring device and the stationary object, which connects the stator of the angular 
measuring device with the stationary object in a manner fixed against relative 
twisting, but in an axially and/or radially flexible manner. 

Angle measuring devices of this type are known, for example, from DE 196 
17 585 CI and DE 195 21 845 C2. DE 196 17 585 CI corresponds to U.S. Patent No. 
5,808,185, the entire contents of which are incorporated herein by reference. 

In connection with the angle measuring device in accordance with DE 196 29 
585 Al it was noted that it is advantageous to arrange the coupler between the stator 
and the stationary object in the area of the seating of the rotor, i.e. in the vicinity of 
the place of coupling of the rotor. The work space available in this area is very 
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limited, so that problems regarding the ability to reach the device for radial clamping 
of the coupler and to actuate it can arise in actual use. Note that DE 196 29 585 CI 
corresponds to U.S. Patent No. 5,758,427, the entire contents of which are 
incorporated herein by reference. 
5 OBJECTS AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to disclose an angle measuring 
device in which the coupler can be clamped without an actuating element having to be 
accessible from the outside. 

This object is attained by an angle measuring device for measuring an angular 
10 position of a stationary object with respect to an object which is rotatable around an 
Q axis of rotation, that includes a rotor which is connected to the rotatable object which 

j-g rotates about the axis of rotation and a stator that includes a scanning unit for 

scanning a graduation, which moves in relation to the scanning unit. A coupler is 
Q fastened to the stationary object or stator so as to seat the stator on a stationary object 

e 3 15 that has a contact face, which extends transversely with respect to the axis of rotation. 

^ The coupler has a contact face that extends transversely with respect to the axis of 

\J\ rotation and engages the clamping face of the stationary object or stator so that a 

■j; ds 

j»« clamping force is generated so as to fasten the coupler to the stationary object and 

;~ wherein the coupler is fixed against relative rotation, but is radially and/or axially 

20 elastic. 

It is therefore a further object of the present invention to disclose a method for 
mounting a stator of an angle measuring device on a stationary object, wherein as few 
as possible mounting steps are required and which can also be performed inside a 
limited work space. 

25 This object is attained by a method for mounting a stator of an angle 

measuring device, having a rotor rotating around an axis of rotation, on a stationary 
object, by attaching a radially and/or axially compensating coupler to the stator of the 
angle measuring device and axially moving the angle measuring device toward the 
stationary object, wherein a contact face of the coupler comes into contact with a 

30 contact face of the stationary object. Supporting the contact face of the coupler on the 
contact face of the stationary object, wherein by the axially moving the angle 



measuring device toward the stationary object the coupler is clamped to the stationary 
object in a manner fixed against relative rotation. 

The advantages which can be achieved by the present invention include in 
particular the coupler can be installed in the vicinity of the seating of the rotor of the 
angle measuring device and that, regardless of the restricted installation conditions, 
the coupler can be fastened on the stationary object in a manner which is solid and 
fixed against relative rotation. The space of the coupler need not be accessible from 
the outside for clamping with the stationary object. A solid and space-saving 
mounting is possible. 

Further advantages as well as details of the present invention will become 
apparent from the ensuing description of an exemplary embodiment in conjunction 
with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of an embodiment of an angle measuring 
device according to the present invention in a mounting space in a first mounting 
position; 

FIG. 2 is a cross-sectional view of the angle measuring device in accordance 
with FIG. 1 in a second mounting position; 

FIG. 3 shows a cross-sectional view of the angle measuring device in 
accordance with FIG. 1 in the installed state; 

FIG. 4 shows a perspective view of an embodiment of a coupler to be used 
with the angle measuring device in accordance with FIGS. 1 to 3 according to the 
present invention; 

FIG. 5 shows a cross-sectional view of a second exemplary embodiment of an 
angle measuring device with a coupler according to the present invention; 

FIG. 6 shows a perspective view of a second embodiment of a coupler to be 
used with the angle measuring device in accordance with FIG. 5; 

FIG. 7 shows a cross-sectional view of a third exemplary embodiment of an 
angle measuring device with a coupler according to the present invention; 

FIG. 8 shows a perspective view of a third embodiment of a coupler to be used 



with the angle measuring device in accordance with FIG. 7; 

FIG. 9 shows a cross-sectional view of a fourth exemplary embodiment of an 
angle measuring device with a coupler according to the present invention; 



FIG. 10 shows a/perspective view of a fourth embodiment of a coupler to be 
used with the angle measuring device in accordance with FIG. 9; and 

FIG. 1 1 sho^s a perspective view of a fifth exemplary embodiment of a 
coupler accordin/to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first exemplary embodiment of the present invention is represented in FIGS. 

10 1 to 4. The angle measuring device 1 includes a rotor 2, to which a graduated disk 3 
with a graduation 4 is attached. The rotor 2 is seated, rotatable round the axis of 
rotation D, in the stator 6 of the angle measuring device 1 by means of a bearing 5. 
The angular position of the rotor 2 in relation to the stator 6 is measured in that the 
graduation 4 is scanned in a known manner by a scanning unit 7 attached to the stator 

15 6. Here, the graduation 4 can be a pattern in the shape of an incremental or coded 

graduation, which can be scanned optically, magnetically, capacitively or inductively. 

To measure the angular position of an object 8, which is rotatable around the 
axis of rotation D, in relation to a stationary object 9, the rotor 2 must be connected, 
fixed against relative rotation, with the stationary object 9. In the example shown, the 

20 rotatable object is the shaft 8 of an electric motor, and the stationary object is the 
motor housing 9. 

To compensate alignment errors between the rotor 2 and the shaft 8, as well as 
to compensate tumbling movements, as well as axial displacement of the shaft 8, the 
stator 6 is mounted on the motor housing 9 by a coupler 10, which is fixed against 
25 twisting, but provides radial and/or axial compensation. The coupler 10 is 

advantageously fastened on the stator 6 in the area of the bearing 5 of the rotor, and 
therefore on the end of the angle measuring device 1 on the rotor side. 

Before the angle measuring device 1 is introduced into the mounting space 1 1 
defined by the motor housing 9, one end of the coupler 10 is rigidly fastened on the 
30 stator 6 of the angle measuring device 1. This can be accomplished by screws 12, 



which engage bores 13 (see FIG. 3) formed in the coupler 10. Fastening can also be 
provided by riveting, gluing or welding. 

Thereafter the angle measuring device 1 with the coupler 10 is pushed into the 
mounting space 1 1 and is guided axially to the motor housing 9. This first mounting 
position is represented in FIG. 1 . 

In the course of this axial approach, the coupler 10 is pushed with an axially 
effective contact face 14 against a contact face 15 of the motor housing 9, which 
extends transversely with respect to the axis of rotation D. This second mounting 
position is represented in FIG. 2. 

As the angle measuring device 1 with the coupler 10 is axially moved in 
further, the contact face 14 of the coupler 10 is supported on the axially effective 
contact face 15 of the motor housing 9 and slides in a radial direction, until a further 
contact face 16 of the coupler 10 pushes against a circumferential face 17 of the motor 
housing 9, on which the coupler 10 is automatically radially clamped in a manner 
fixed against relative rotation by being spread radially on the circumferential face 17. 
The clamping force required for radial clamping is provided by the cooperation of the 
two contact faces 14 and 15, in that an axial pressure force acting on the coupler 10 is 
converted into a radially acting clamping force. An axial screw 1 8, which connects 
the rotor 2, fixed against relative rotation, with the shaft 8, is provided for introducing 
and maintaining the axial pushing force. The screw 8 is axially introduced from the 
accessible back of the angle measuring device 1 through a bore in the rotor 2 and 
screwed into the shaft 8 of the motor, and its screw head is axially supported on the 
rotor 2 and in this way pushes the conical end of the rotor 2 into the cone of the shaft 
8. The angle measuring device 1 is represented in FIG. 3 in the mounted state. 

The coupler 10 is represented in a perspective plan view in FIG. 4. The 
circular circumferential face 17 (tube-shaped barrel) on which the coupler 10 is 
radially spread is shown only schematically as a ring. Advantageously the coupler 10 
is produced as one piece from spring steel (punched and bent part) and includes a base 
101 having the bores 13 for fastening on the stator 6. Several - for example three - 
tongues 102 have been formed on the base 101, which have the contact faces 14 and 
16. The tongues 102 are bent in a wave shape between the base 101 and the contact 



faces 14 in such a way that an axial and radial compensating movement between the 
base 101 and the contact faces 14 is made possible. The tongues are furthermore bent 
in such a way that the axial force, which is exerted by the stator 6 on the base 101, 
and further via the tongues 102, is converted into a radial force in cooperation with 
the contact face 15. If, as represented, the contact face 15 extends vertically with 
respect to the axis of rotation D, and if a radially outward acting clamping force is 
intended for fastening the coupler 10 on the motor housing 9, each tongue 102 must 
have an oblique, outward pointing section 103, which is connected via a joint 104 
with the remaining portion of the coupler 10. 

If a radially inward acting clamping force is to be used for fastening the 
coupler 10 on the motor housing 9, each tongue 102 must have an oblique, inward 
pointing section. For redirecting the axial force it is also possible that the contact face 
15 is obliquely designed, i.e. inclined by other than 90° with respect to the axis of 
rotation D. 

A further angle measuring device with a coupler 20 for fastening the stator 6 
on the motor housing 9 is represented in FIGS. 5 and 6. The coupler 20 is designed 
similarly to the coupler disclosed in DE 89 15 109.7 Ul and includes a base 101 with 
two tongues 202, which are bent at right angles with respect to the base 101 and 
extend parallel with each other and are screwed to the stator 6. Two further tongues 
204, which extend parallel with each other at least to a large degree, are formed on the 
base 101, wherein these further tongues 204 extend at least to a large degree at right 
angles with respect to the base 101, as well as at right angles with respect to the first 
tongues 202. The further tongues 204 are designed for being clamped, fixed against 
relative twisting, to the motor housing 9. This coupler 20 is also advantageously 
designed as one piece in the form of a stamped and bent part made of spring steel. 
The respectively parallel extending tongues 202 and 204 constitute a parallel guidance 
in the radial direction. 

The ends of the tongues 204 can be designed corresponding to the tongues 102 
shown in FIG. 4 and can be clamped against the radial circumferential face 17. In 
accordance with FIG. 5, for strengthening the clamping an inner circumferential face 
19 can be additionally provided in the motor housing 9, on which the tongues 204 are 
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additionally radially supported. In the course of moving the coupler 20 toward the 
axially acting contact face 15 of the motor housing 9, the oblique section 103 is 
pivoted around the joint 104, because of which an inner contact face 21 of the coupler 
(f^ 20 comes into contact with the inner circumferential face 19 of the motor housing 9, 

5 and an outer -Gk^um^ rcntitr l face 16 of the coupler 20 comes into contact with the 
outer circumferential face 17 of the motor housing 9, and the ends of the tongues 204 
of the coupler 20 are spread, fixed against relative twisting, between the two 
circumferential faces 17 and 19. 

A third exemplary embodiment is represented in FIGS. 7 and 8. The coupler 
10 30 again includes a base 101, on which two diametrically oppositely located tongues 

! ?3 302, which extend parallel with each other, are formed and screwed to the stator 6. 

hi 

\IQ Arranged offset by 90° with respect to the first tongues 302, two further diametrically 

■; F3 

i'y oppositely located tongues 304 are formed on the base 101, which are designed for 

being clamped, fixed against relative twisting, on the motor housing 9. After the 

'"'4 

i5 ~ 15 contact face 14 of the coupling 30 pushes against the contact face 15 of the motor 

q housing 9, the joint 104 causes the section 103 to be radially outwardly displaced, and 

^ the bent end is axially clamped in a manner fixed against relative twisting in the gap 

rzj 22 formed in the motor housing 9 by being axially spread, in that the bent end is 

j 5 f tipped against the contact face 15. 

20 A fourth example of an angle measuring device 1 with a coupler 40 is 

represented in FIGS. 9 and 10. The coupler 40 corresponds to the embodiment in 
accordance with FIGS. 7 and 8 with the difference, that the two tongues 404 are 
additionally connected, fixed against relative twisting, with the motor housing 9 by an 
interlocking connection. To this end, at least one cutout 23 is provided in each one of 
25 the tongues 404, which is engaged by a protrusion in the form of a pin 24 of the motor 
housing 9. The tongues 404 are supported in a radially clamping manner on the pins 
24. The cutouts 23 are conically formed and taper radially inward, so that the edges 
of the cutout 23 are pushed, free of play, against the pins 24 because of the introduced 
clamping force. 

30 The interlocking connection between the tongues 404 and the motor housing 9 

acts as a solid fixation against relative rotation. In place of the pins 24, differently 



8 

designed elevations of the motor housing 9 can provide an interlocking fixation 
against relative rotation with the tongues 404. The interlocking connection can also be 
provided by depressions in the motor housing 9, which are engaged by areas of the 
tongues 404. 

5 A fifth example of an angular measuring device is explained by a coupler 50, 

which is schematically represented in FIG. 11. In principle, this coupler 50 
corresponds to the embodiment in accordance with FIGS. 5 and 6 with the difference 
that the base 101 and the respectively diametrically oppositely located tongues 502 
and 504 are designed in a lattice shape in accordance with EP 0 762 081 Al. 
10 Furthermore, the tongues 504 used for radial compensation are detached from the 
-»3 sections 103 used for clamping by a solid intermediate ring 51. The radial spreading 

forces required for the radial clamping of the coupler 50 on the motor housing 9 
j«f! therefore only act between the motor housing 9 and the intermediate ring 5 1, so that 



6b? the compensation coupler 50 is relieved of radial clamping forces. Note that EP 0 762 

Z 15 081 Al corresponds to U.S. Patent No. 5,771,594, the entire contents of which are 
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incorporated herein by reference. 

The tongues 102, 202, 302, 402, 502, as well as 204, 304, 404, 504 are 
advantageously radially deflectable leaf spring elements. 

Elements having the same functions have been provided with the same 
20 reference numerals in all drawing figures. The explanations regarding one of these 
elements in an exemplary embodiment also apply to the other exemplary 
embodiments. 

The automatic clamping of the coupler 10, 20, 30, 40, 50 on the motor housing 
9 can be increased in all exemplary embodiments in that the clamping faces 16, 17, 
25 19, 21 have surfaces which increase frictional adhesion, in particular roughened 
surfaces or coating» increasing adhesion. 

The e^ained clamping of the coupler 10, 20, 30, 40, 50 can also be employed 
alternatively or additionally between the coupler and the stator of the angle measuring 
devic 

30 The foregoing description is provided to illustrate the invention, and is not to 

be construed as a limitation. Numerous additions, substitutions and other changes can 



be made to the invention without departing from its scope as set forth in the appended 
claims. 
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